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Abstract:
State renewables portfolio standards (RPS) have emerged as one of the moahimplcy
drivers of renewable energy capacity expansion in the U.S. As RPS policidseleave
proposed or adopted in an increasing number of states, a growing number of studies have
attempted to quantify the potential impacts of these policies, focusing pyimaigost
impacts, but sometimes also estimating macroeconomic, risk reduction, areher@ntal
effects. This article synthesizes and analyzes the results and metheslofagl distinct
state or utility-level RPS cost-impact analyses completed since 1998&th&nghese studies
model proposed or adopted RPS policies in 20 different states. We highlight the key findings
of these studies on the projected costs of state RPS policies, examine thatgerisi
projected costs to model assumptions, evaluate the reasonableness of keyunputi@ss
and suggest possible areas of improvement for future RPS analyses. We concludéethat whi
there is considerable uncertainty in the study results, the majority of thesspudject
modest cost impacts. Seventy percent of the state RPS cost studies @taijeslectricity
rate increases of no greater than one percent. Nonetheless, there igalolesidem for

improving the analytic methods, and therefore accuracy, of these estimates.
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1 Introduction

State renewables portfolio standards (RPS) have emerged as one of the moahimplcy
drivers of renewable energy expansion in the United States (Wiser et al. 200&grtivady,

these state policies now apply to roughly 50% of U.S. electricity load, andheghddspect

of having substantial impacts on electricity markets, ratepayers, and lonahges.

Renewables portfolio standards require that a minimum amount of renewableisnergy
included in each retail electricity supplier’s portfolio of electricggources. They do so by
establishing numeric targets for renewable energy supply, which genecadigise over

time. To date, 24 states in the U.S., along with the District of Columbia, have adopted such

standards (Figure 1).

Often, the adoption of new RPS policies hinges on expected costs and benefits.

As RPS policies have been proposed or adopted in an increasing number of statesga growi
number of studies have attempted to quantify the potential impacts of these plolatiesg
primarily on projecting cost impacts, but sometimes also estimating ezacromic, risk

reduction, and environmental effects.

Given the role of these studies in motivating the adoption of state RPS policies antithas
we review 31 previous state RPS cost-benefit projections to compare falangstets

across studies. We summarize, in as consistent a fashion as possible, the rtbeses3if
cost-impact analyses, primarily focusing on the projected costs of atateitility-level RPS
programs. In so doing, we hope to illustrate the expected bounds of likely impacttssoWe a
highlight and, in some cases, critique certain key assumptions used by the=se waiitidia

goal of identifying areas of improvement for future RPS analyses. hheedocus on state-

level RPS cost-impact analyses, the recommendations that we develop also hatobfiai-



level analyses of RPS proposals in the U.S. and elsewhere. For the interegtedivead
results presented here are discussed in further detail in a report bsnthawgaors (see Chen

et al. 2007).

The article is organized as follows:

. Section 2 briefly summarizes the studies include in our sample by chiaragtéhe
study authors and the general modeling approach used to estimate cod.impact

. Section 3 presents the methods used in this article to analyze thefresulise 31
state-level RPS cost studies included in our analysis.

. Section 4 provides a summary and comparison of the renewable resource mix and
direct cost impacts projected by the state RPS cost studies.

. Section 5 identifies any alternative scenarios that were analyzbe state RPS cost
studies, and presents the anticipated costs associated with those scenarios.

. Section 6 highlights some of the more important assumptions that the stateRPS
studies have used in modeling renewable resources and avoided costs.

. Section 7 summarizes, very briefly, the nature of the RPS-induced bemafitave
been evaluated by the studies in our sample though, in the interest of space, we do not discuss
these results in any detail.

. Section 8 concludes by summarizing our key findings and highlighting areas of

possible improvement for future RPS cost-impact studies.

2. Overview of Studies
Twenty states, covering most regions of the United States, are reptddsgtite 31 RPS cost
studies surveyed here. Figure 2 identifies the authors of the studies in our samglé aa

the states covered by these studies. The full title, authors, and links to eaatastbey



found in Appendix A. We limit our sample to state or utility RPS projected costimpac
analyses conducted since 1998. Twenty-four of the 31 studies have been published since

2003, however, reflecting the recent surge in state RPS adoption.

The publication of most of the studies in our sample was timed to coincide with B&te R
legislation that had been proposed or implemented, and many studies evalu&e State
policies designed as proposed or implemented through that legislation. lgeshtlg some
studies advance their own proposals for state RPS legislation. As one miglatréhexpkct,
the state RPS policies modeled by these studies differ substantiallgsp#rct to structure,
design, and quantitative target level. Table 1 briefly summarizes somembsh@ertinent

details of the state RPS policy designs that are modeled by the cost sturiesaview'

The studies, as shown below, are often authored and funded by a diverse set of organizations

Diversity also exists in analytical approaches and sources of datang the studies.

2.1  Authorship and Funding Sources

The vast majority of studies in our sample have been authored by consutiagtdy(55%)

and non-governmental organizations (NGOs, over 35%). Funding has predominantly come
from non-profit foundations and interest groups (representing roughly 52% of primary
funding sources) and state utility commissions or energy agencieséefing roughly 32%

of primary funding sources).

Some of these studies were conducted as part of an extended public process. These reports
typically involved the participation and input of diverse stakeholder groups, and in some

cases were part of a larger, state-sponsored regulatory proceediatpthiat for public



comments on draft versions of the study. Most of the studies in our sample, however, were
not distributed for broad public review prior to publication. It is also noteworthyrthay

of the reviewed studies have been produced by organizations and authors that are strongly
supportive of state RPS policies, whereas relatively few of the studiebéendunded or
conducted by opponents to such policies. This article does not attempt to account for any
potential bias that might result from the type of study author or funding sourceh tihologs

scrutinize the studies’ methods and assumptions more generally.

2.2  General Modeling Approaches

The studies use a range of different analytic methods that do not alwayisdersglves to
clear categorization. For descriptive purposes, we identify four broagbdate of cost-
estimation models, listed below with the percentage of studies that fall imc&agory in
approximate order of increasing complexity. These approaches differ in thedneted to
characterize the cost of renewable energy and the avoided cost of conventicrthkfugie

displaced by renewables deployment.

. Category A (58%): Spreadsheet model of renewable generation and avoidied utili
cost
. Category B (13%): Spreadsheet model of renewable generation andiganerat

dispatch model of utility avoided cost using reference case-resource mix
. Category C (6%): Spreadsheet model of renewable generation andigardispatch
model of utility avoided cost using implied RPS resource mix

. Category D (23%): Integrated energy model

Overall, this diversity of modeling approaches indicates that a standgptate for RPS cost

estimation has yet to emerge. One might assume that accuracy inorglaszseh modeling



approach from Category A to Category D, as each successive model tendsde prong
detail and captures more complexity. Integrated national energy models, haaveaten
designed with a national resolution, and may therefore not be able to fully incorherate
range of regionally-oriented RPS design details inherent in proposed BtateoRcies. In
additionr, not enough is yet empirically known about the actual cost impactscoR&t&
policies to validate the accuracy of one model over another. Energy markaibject to
significant uncertainty, and future renewable energy costs, while lessgevtilanh
conventional electricity prices, are also uncertain. As a result, the atsssrgoverning
these costs may ultimately prove more important than the choice or complekieyrobdel

itself.

3. Methods
The general approach employed in this article is to distill the results anls ddout the
methodologies of these state RPS studies into comparable metrics in orderstandde

broad trends in the study results and methods.

The studies in our sample present projected RPS costs in many different waysh miostig
studies report expected retail rate impacts, some studies only report cimaglgesicity
sector generation costs. In addition, the studies use different units to conveasuatist
Developing a consistent set of metrics for comparing cost projections atudsss is
therefore necessary. To do so, we compare cost projections using two metacs daaily
understood and, where necessary, are readily converted from other data: (1xgercent
changes in retail electricity rates, and (2) monthly electricityrbpacts for a typical
residential household. To further facilitate comparisons, all cost data haveobgerned to

real 2003 dollars.



Each study also uses a different timeframe for its analysis, antlithessreport expected

costs using a variety of different time horizons; they may report annual costs averaged
over a given timeframe, and/or the present or net present value of RPS-indusedvast
generally, comparing results among a group of studies that themselvescdadeially been
conducted over a span of several years is potentially problematic becausgmgderl
conditions may have changed over this period. Perhaps most obviously, natural gas prices
(and price expectations) are much higher today than they were in years patgtedd®S

study conducted several years ago would naturally yield differentgéisatt one conducted

in the same manner today.

Given these challenges, complete comparability across all of the studiesantule is
simply not possible. Nonetheless, we temporally normalize the resultsheodifferent
studies by presenting results from the first year that each stateeREHes its ultimate target
level? Though an imperfect metric for characterizing the full trajectory oepte§l cost
impacts and renewable resource additions within each study, using thefresulise initial
peak year is a tractable and consistent method for comparing impactsshetdiss. The
projected costs of RPS policies in these initial peak target years also temthe highest or
close-to-highest of the cost impacts from all of the years that are edpd#ibwing us to

avoid under-representing the potential long-term costs of such policies.

4, Proj ected Renewable Resource Mix and Direct Costs of RPS Policies
This section summarizes two of the most important outputs of the state RPSpanst-im
studies: the projected impacts of state RPS policies on renewable energynaeploy

technology and on the direct costs of that deployment. In the former case, ¢ fhrese



expected amount of generation from each renewable technology used to meet RREStat
policies. In the latter case, we define direct costs to include the impaneofaieles
deployment on retail electricity rates and bills. Direct costs include nptlemincremental
costs (if any) of renewable generation, but also wholesale elecpiatyreductions (from
the displacement of high-cost marginal supply), including any electrictdg prduction
caused by lower natural gas prices; these impacts are included asfthsttecause they
influence consumer electricity bills. Some benefits that might derive RB®& policies, but

that are not included in the direct cost calculations, are discussed latattiam Se

4.1  Projected Renewable Resource Mix: Base-Case Results

Though most of the studies in our sample are focused on cost impacts, the majority (26 of 31
studies) also forecast the mix of renewable technologies most likely tetheouseet state

RPS requirements (typically assuming that the least-cost renewsdleaes are selected

before the more expensive ones). Fidtireor! Reference sour ce not found. present the
projected mix of new renewable generation used to meet the modeled state RiES, polih

individually and collectively.

Perhaps not surprisingly, wind is expected to be the dominant technology, repgee#iin
of incremental state RPS generation across all of the studies combinedteBnajad
deployment is particularly prevalent in the Midwest and Texas, accountifg%oof
projected incremental RPS generation in those states. Geothermal, whichsafonoliffo
of projected incremental generation across the studies, is a distant secbald)ast all of
the expected geothermal additions are from the two California studies. Biootéeng and
direct combustion account for approximately 11% of expected incrementaRBt&te

generation, while hydro, landfill gas, and solar each comprise less than 4%.



4.2  Direct Cost Impacts. Base-Case Results

Figure summarizes projected electricity rate impacts in pegeatad ¢/kWh terms, for
each individual state RPS cost study (focusing on the base-case scenartiog. whole,
state-RPS-induced rate impacts are typically projected to be rejatieelest. More than
half of the reviewed studies report base-case rate increases of betweat 0%. aSix
studies project that electricity consumers will experience cost saamg result of the state
RPS policies being modeled, at least in the base-case scenario. On the ahes, é&h
studies predict rate increases above 1%, and two of these studies predicteates of

more than 5%.

Among our sample, the median projected increase in retail electrityisa0.8%, or 0.05
¢/kWh. Relatively few studies predict increases in retail elegtmates that exceed 0.25
¢/kWh. The largest cost savings are reported in the Texas (UCS) study, whictesstimt
the modeled Texas RPS could reduce consumer electricity costs by 5.2%k#04 ¢/
compared to the business-as-usual reference case. The largest rase isgueadicted by
the Arizona (PIRG) study, which estimates that electricity ratdseistate could increase by

8.8% (0.7 ¢/kwh) compared to the reference case.

These outlying rate projections are a function of the assumptions used in eachTsdy.
Texas (UCS) study assumed that the large amount of wind development resoiftine
Texas RPS would have ripple effects on the national level. Specifically, thé assdmed
that the significant amount of Texas wind capacity additions would stimulate wind
technology cost reductions on the national level, which would lead to increased wind
development and greater natural gas price savings nationwide. In thé tesarmzona

(PIRG) study, the high rate impact projections are in large part due to this steslymption



that 20% of the required RPS generation would be produced by relatively high-cost solar

technologies.

Though most of the studies project relatively limited impacts on retail ielectates, the
wide range of impacts shown in Figure underscores the large vayiabidng the studies’
cost results. In fact, cost results can vary widely even within a single B@aténstance, two
of the three cost studies that analyze essentially the same RPS designYorKestimate
retail rate increases of less than one percent (DPS and Potomac), wthielt(the ICF
study) projects the second highest cost increase of any study in our sampke. Thes
differences reflect variations in assumed input parameters, in partibolarthe future cost

and availability of renewable energy generation.

Direct costs can also be presented as the expected increase in an asglaggate
consumer’s monthly electricity bill. Figure presents projected cgsidta in this form,
along with error bars for those studies that include scenario analyses ioratidihe base-
case analysis. As shown in this figure, cost studies of state RPS poliesstenn states
(and, more specifically, in Northeastern states) generally foreggrisost impacts than
studies of state RPS policies in other parts of the country. Four of the sixt lpnghested
RPS-induced cost impacts are from studies of Eastern states. The higloezdegpsts in
the East are attributable to the region’s lower renewable resource @latentpared to
elsewhere in the country and the higher costs of developing renewable projgets i
Northeast. Though the predicted costs of state RPS policies in the East relayivoy
high compared to those in the rest of the country, the median monthly residential kll impa

among the Eastern studies is still modest, at $0.75/month. Among the other (rewn)East
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states, the median monthly bill impact for an average household is $0.14/month. All but four

of these studies forecast monthly bill increases of less than $2.00 for aneavenaghold.

5. Scenario Analysis

Estimates of the future cost of state RPS policies are highly uncendiar@agreatly
influenced by assumed input parameters. Because of this, 24 of the 31 studieswezlrevie
include some form of scenario analysis using input assumptions that differ fronuseosie

the base case analysis.

Among the studies we reviewed, the scenarios that are most commonly modeled include
variations in the assumed availability of the federal production tax cvadying projections
of renewable technology costs, fossil fuel price uncertainty, alteen@#S targets, and

wholesale market price uncertainty (Figure ).

The full range of sensitivity scenarios modeled by the state RPStadsts in our sample

are briefly and qualitatively described below:

e Production Tax Credit availability: Reflects changes to the assumed duration of federal
production tax credit (PTC) availability.

e Renewabletechnology cost: Reflects changes to base-case renewable technology cost,
fuel, and performance assumptions.

e Fossil fue priceuncertainty: Reflects changes to reference-case fossil fuel (typically
natural gas) prices.

e Wholesale market price uncertainty: Reflects changes to reference-case wholesale

electricity market prices.
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Alternate State RPStarget levels. Reflects variations in the state RPS percentage
target.

Financing/contract assumptions: Reflects changes to base-case renewable financing
terms and/or different contractual arrangements for procuring renewatse. po
Availability of imports: Reflects variations in the treatmentrehewable power or RECs
that are imported from nearby states or regions.

Carbon credit value: Reflects the value of renewable energy in reducing carbon dioxide
emissions, especially if future regulations limit such emissions.

Resource dligibility: Reflects different definitions of RPS-eligible renewable generating
technologies.

Demand for renewable energy from other sources. Reflects changes in demand for
eligible renewable energy supply from other sources, such as voluntary green power
programs or RPS policies in neighboring states.

Maximum compliance penalty cost: Reflects an assumption that electricity suppliers
will pay the non-compliance penalty or alternative compliance paymerdgphes to the
state RPS. Penalties and alternative compliance payments can sorbetime:she
maximum possible cost of a state RPS, because suppliers may choose tqpagltye

or alternative compliance payment when it presents a less costly aletogiurchasing
renewable energy or RECs.

Load growth: Reflects changes to load growth assumptions.

Portfoliorisk: Reflects the cost risk associated with a given electricity geoerat
portfolio. Depending on their resource constitution, state RPS generation portfajios m

have different levels of risk (with corresponding differences in ratedtapa
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Due to the wide range of scenarios modeled and the different assumptions usedarithi
type of scenario, it is difficult to draw definitive conclusions about the relatipadt of
different cost drivers. Figure and Figure , however, show the expectathpasts of all of
the scenario types modeled in the state RPS cost studies that we révigvitaéh a data
column, each marker represents the change in projected monthly resielectiatity bill
impacts caused by an individual scenario from a single state RPS cost stuhe piiesents
data on scenario types that result in lower state-RPS-induced elgitidginpacts, while

Figure presents data on scenario types that generally result in higheciglevill impacts®

Most individual scenarios do not appear to have major impacts on the projecteddmse-c

RPS costs. With few exceptions, the residential electricity bill ispEdhese scenarios — as
measured by changes from the base case — are less than $1 per month. Thoughgash chan
are not overwhelming, it is important to recognize that the mésdiseacase residential

electricity bill impact among the studies in our sample is just $0.46/month, vetiga of -
$5.2/month to $7.1/month. Therefore, even a $1/month change from this base-case is sizable

in percentage terms, and demonstrates significant cost sensitivity to amaotegers.

6. Evaluation of Key Input Assumptions

Potentially more important than the specific modeling approach used by andiradisiudy
are the various assumption required to model long term costs. The cost of RRS pallici
greatly depend on the cost of the renewable technologies employed to meet taegBRS t
the cost of energy that is displaced by the increase in renewable resouragajléidity of
incentives to reduce the cost of renewable resources, and the secondary coate@sgadti

deploying renewable technologies.
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A comparison of the assumptions across the RPS cost studies in our samplehat/kals t
assumptions are by no means uniform across studies and in some cases may under- or ove
estimate costs. In this section, we examine in detail differences imfgar input

assumptions: the capital cost of wind technology, future natural gas pricagutiee f

availability of the federal production tax credit, and secondary costs @agsbwaiith

renewable energy deployment.

7.1  Wind Capital Cost Assumptions

Wind power is often found to be the least-cost renewable energy source and, asrheted ea
wind is therefore expected to be the dominant technology in meeting statedRi8ments.

As such, the assumed cost of wind can have a major impact on the projected cost of RPS
policies. For example, a change in wind capital costs of $100/kW roughly corresponds to a

$5/MWh change in levelized generation costs.

We find that the assumed cost of constructing wind projects varies considerairly the
studies in our sample. Among the 19 studies that present these data, for exarjgbette
capital cost estimate in the 2010-2015 timeframe (from Scenario 1 of the NeWwCFork
study) is four times higher than the lowest estimate (from the Vermon stividye
generally, however, of the studies reviewed here, most predict wind capitabtasder
$1300/kW, and some predict long-term costs well below this figure. Notable is tleattcur
wind costs are in the $1600-2000/kW range (Wiser and Bolinger 2007), driven higher in
recent years by adverse exchange rate movements, rising energyepdcds, tight wind
turbine manufacturing capacity, and a general rush to install wind projectstenfiederal
production tax credit remains in place. As a result, the wind cost assumptionsezimploy

most of the state RPS analyses presented here do not accurately refientetfiecost to
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build a wind project. This disparity between study expectations and current matket re
suggests that (all else being equal) the actual cost impacts of stapolRIRS may exceed

those estimated in our sample of studies, especially if higher wind costs$. persis

7.2 Natural Gas Price Forecasts

The difference between renewable energy costs and the cost of conventional power that
would otherwise be used to meet load largely determines the projected ratsiafgRPS
policies. In many studies, the most important input to the avoided cost calculatien is t
natural gas price forecast. This is due to two factors: (1) natural gas gméckighly
uncertain, especially when compared to coal prices, making gas prigesladytdifficult to
predict; and (2) the majority of studies expect that increased renewabklagen will

largely displace natural gas-fired generation.

The natural gas price forecasts used by the RPS cost studies in our samglgrficant
price discrepancies in the short term, though projected prices converge to soeed &y
longer term. Despite these variations, it is apparent that relatively tomahgas price
forecasts were used by many of the studies in our sample. The averagesbassicared
natural gas price forecast in the initial peak target year of our stogyesé2010 to 2025,
depending on the study) is just $4.81/MMBtu. Prices for 2007-2011 NYMEX natural gas
futures, on the other hand, as well as the most-recent fundamental based natuiad gas pr
forecasts, have shown much higher price levels than the majority of dvadts used in the
cost studies. As such, though low assumed wind costs have tended to result in under-
estimates of the costs of RPS policies, the low forecasts of naturalgeshave tended to
push cost projections in the other direction.

73  Federal Production Tax Credit (PTC) Availability
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The federal PTC can “buy-down” the cost of renewable energy by roughi$20bn a
long-term, levelized cost basis. As such, assumptions about the future awagalilievel

of the PTC can greatly impact the predicted cost of state RPS policies.

The assumed duration of PTC availability lacks consistency acrosssstreflecting the
political uncertainty surrounding PTC extension. The final year of PTC aviylatiour

sample of studies is most commonly assumed to be 2006. Eight studies, however, assum
PTC availability throughout the entire timeframe of their analysidewtine studies do not
appear to include the PTC in their analysis at all. Though the PTC wadyec¢emnded
through the end of 2008, its long-term fate remains highly uncertain. As shown earlie
several studies have appropriately reflected this uncertainty in tradysés by modeling

various PTC availability scenarios.

7.4 Treatment of Secondary Costs

Finally, to accurately reflect the true cost of renewable energyndtisufficient to only
estimate busbar economics. Instead, a variety of secondary costs and mysictiso be
considered, including: transmission costs, operational integration costesthe achieving
resource adequacy, and administration and transaction costs. These costsgrafichatsi
especially for wind power, and can be particularly important in regions \aitsrrission
constraints and aggressive RPS targets (see, e.g., Giebel 2005; EWEA 2005t &8mith e

2004).

The fact that many of the studies in our sample ignore some subset of these costs sugges

that predicted RPS costs may be underestimated by these studies,alrejsequal. For

example, though roughly half of the cost studies in our sample include transmis$soin cos
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their analysis, few of the studies analyze these costs in a detailed faShatarly, only 12

of the studies in our sample include the cost of integrating wind power into elgcysiem.

7. A Brief Synopsis of the Projected Benefits of RPS Policies

Many of the studies in our sample also evaluate the potential public ben&RSaidoption,
many of which are not directly factored in to the direct cost results prdssamresr. These
benefits can be divided into three main categories: macroeconomic, risKiomtigad
environmental. Figure identifies the number of studies in our sample that model each of

these potential benefits.

Of those studies that evaluate possible macroeconomic influences, all but ocesoreei

level of net employment gain, ranging from a few hundred to several thousandejatesicr

but the magnitude of this impact varies widely and appears to depend more strongly on the
assumptions of the studies than on the amount of incremental renewable generatied requi
to meet the modeled state RPS policies. These assumptions include the diffegsrafmi
renewable technologies developed, the proportion of in-state versus out-oéstatalsle

project development and manufacturing, and the incorporation (or lack thereofygyf bitle
impacts into the macroeconomic analysis. That growth in renewable energtigamaey
increase net employment is consistent with past analyses, which have ofterrehewable
energy to be more labor-intensive than conventional forms of electricity produszmne(g.,

REPP 2001; Kammen et al. 2004).

A number of the studies in our sample also model the risk mitigation benefits of an RPS,

estimating a broad range of reductions in wholesale electricity and ngasrptices, while

other studies evaluate the sensitivity of the projected cost of state RH&spolicariations
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in the projected price of natural gas. These analyses build — to some degreereagfhf
analytic work by others (see, e.g., Elliot and Shipley 2005; Wiser and Bolinger 2006;
Bolinger et al. 2006; Awerbuch 1993, 2003), and often find that the risk-mitigation benefits
of renewable energy are sizable. For example, the results of thessearddynonstrate that
the value of renewable energy is especially great under scenarios of ueekpleigh

natural gas and wholesale electricity prices.

Not surprising, many of the studies quantify potential environmental benefits, mos
commonly carbon dioxide (Cemissions reductions. Most of these studies indicate that
RPS generation is expected to displace €fissions at a rate that is, on average, 25%
higher than that of a natural gas plant. Though reductions in carbon emissions is net the sol
— or even primary — justification used to support many state RPS policies, Figurevkl sho
the implied CQ abatement costs projected by those studies that estimatedi@tions,
focusing again on the peak RPS target year of each st@d¥.abatement costs vary widely,
from a low of -$427/MTCQin Texas (UCS) to a high of $181/MTG@n in New York

(ICF), with a median value of $5/MTGO The wide variation in C£abatement costs is
largely a reflection of the variation in retail rate impact projections arttengtudies.

Although the spread of projected g&batement costs across the studies is extremely broad,
a majority of these studies project £@duction costs that fall within the range of the U.S.
Energy Information Administration’s projections of carbon reduction costs wadeus
proposed regulatory regimes, as well as the carbon costs currently tsingedsn utility

planning (Wiser and Bolinger 2005).
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8. Implications and Conclusions

With a few exceptions, the long-term rate impacts of state RPS pokcmsjacted by the
studies reviewed here are expected to be relatively modest. Only two of the Studies in
our sample predict rate increases of greater than 5%, and 23 of the studetsqui®ije
increases of no greater than 1% (with six of these studies predicerdp@eases). The

median residential electric bill impact is +$0.46 per month, in the peak RPSyaget

The studies in our sample utilize a variety of modeling approaches, methods, asulidzta
to estimate state RPS costs and benefits. A standard study template lea®nmerged.

It is true that more-sophisticated models can account for interesting antigiyte
significant natural gas and wholesale electricity price feedkmuksnay therefore be better-
received by policymakers and RPS stakeholders. These models may also lableetter
capture the benefits of increased renewable energy deployment. It is redy efear,
however, that such models necessarily improve predictive accuracy, and itnéinedy e
clear that the national-scope of these models is fully appropriate for ciogdstette-level
RPS analysis. The assumptions for the primary and secondary costs ofleraveagy, as
well as the cost of conventional generation offset by increased renemgiotyy deployment,

are likely of far more importance than the type of model used.

Though the RPS cost studies in our sample demonstrate some improvements and increased

sophistication over time, improvements are still possible and needed. Based @newy r

we identify a number of areas of possible improvement for future RPS cost-stydies:

. Improved treatment of transmission costs, integration costs, and capac#y. va

Transmission availability and transmission expansion costs have become among the mos
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important barriers to renewable energy in many jurisdictions, but these i@eftea poorly
understood and imprecisely modeled in RPS cost studies. The capacity value ablenew
energy (wind, in particular), as well as the cost of integrating renewwablgy into larger
electricity systems, are likewise emerging as potentially impoviariables, and studies
analyzing RPS policies with relatively high incremental targets musatadul to properly
account for these potential costs and impacts.

. More rigorous estimates of the future cost and performance of renewable
technologies. As the renewable energy market continues to rapidly evolvepand eke
need for accurate, rigorous, and up-to-date estimates of renewableeasuair
performance, and potential is as acute as ever. Unfortunately, some of tloemosnly
used data sources for the cost and potential of renewable generation techraskgie
somewhat dated and arguably not up to the task. The use of up-to-date information would
improve the credibility of RPS cost analysis and lend more weight to economysisuwdl
renewable technologies in general.

. Estimating the future price of natural gas. Where possible, base-tas¢ gas price
forecasts should arguably be benchmarked to then-current natural gas futee8winger
et al. 2006). Furthermore, given fundamental uncertainty in future gas pricesthg henge
of alternative price forecasts should be considered through sensitivitgianaly

. Evaluation of coal as the marginal price setter. With high natural g&s psome
regions are shifting away from natural gas and towards other resospesialy coal. A
few of the RPS cost studies already assume that coal is the margingbéuttdt is offset by
increased renewable generation, but most of the studies assume that natuithbgabe
primary source of displaced electricity generation. New studies should maeky clos
investigate the possibility that RPS generation may increasingly déspbed-fired and other

non-gas-fired generation.
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. Greater use of scenario analysis. The inaccuracy of long-term fundagaengaice
forecasts underscores the importance of using scenario analysis to bound possiblesut
Not only is the future cost of conventional generation unknowable, renewable tectsologie
themselves are experiencing rapid changes, both of which render the longygexcts of

RPS policies highly uncertain. Such uncertainty can be evaluated, to a degreg) thr
greater use of scenario analysis. Some of the variables that may be mostiajgpior
scenario analysis include renewable technology potential and costs, futust gas and
wholesale electric prices, and the availability of other renewablgyemaentives.

. Consideration of future carbon regulations. As some jurisdictions begin tanele
carbon regulations, renewable generators may stand to benefit. Althoughdhdseray
significantly reduce the incremental cost of the renewable generatida thgtiired by RPS
policies, the risk of future carbon regulation has only been modeled by four of the studies
our sample. In future studies, we recommend that the risk of future carbon regudations
explicitly considered, at a minimum though scenario analysis.

. More robust treatment of public benefits. Though an increasing number of studies
have modeled macroeconomic benefits, the assumptions driving these analgéesn are
inconsistent, and the wide range of results may detract from the credbsitigh studies.
More work is needed to identify the most feasible and defensible assumptions gotregning
public benefits of renewable energy, including the fossil fuel hedge value ofaielee

energy and the benefits of reduced carbon emission, in addition to employment and economic

development impacts.

The improvements listed above, if adopted, should lead to more accurate and realistic

projections of the costs and benefits of RPS policies in the future. In the meanisme, i

difficult to assess whether the RPS cost studies reviewed in this arésEnpoverly
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optimistic or overly conservative estimates of future costs. Some of thegssin the

cost studies that may result in an underestimation of actual RPS costs include:

. Wind capital cost assumptions that appear too low in many cases, givein rece
increases in wind costs;

. Transmission and integration costs that are not fully considered;

. Lack of full consideration for the potential demand for renewable enemgydther
sources, such as demand from other state RPS policies;

. Increased likelihood that coal-fired generation will set wholesatkehprices in
some regions which, in the absence of carbon regulations, may make renewatd@ayen
less economic than when renewable energy is presumed to compete with natawrad gas
. Expectations in some cases that the federal production tax credit (RITI& w
available indefinitely, which may be overly optimistic given the politicaleatainty

affecting PTC extension.

Conversely, a number of other cost study assumptions may result in an ovei@strihat

actual RPS costs, including:

. Reliance on natural gas price forecasts that are almost univesdadtantially below
current price expectations;

. The impact of renewable energy in reducing natural gas and/or wholestie elec

prices that have not been modeled in many of the studies;

. The potential for future carbon regulations, which are ignored in most of the studies in

our sample; and
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. Expectations in many cases that the PTC will only be available for aithery

limited period or not at all, which may be overly conservative.

Actual RPS costs may differ from those estimated in the cost studies smatha this
article. As states accumulate more empirical experience witald&@PS policies, future
analyses should benchmark the cost projections from RPS cost studies agaihstadizied
cost impacts as a way to both inform future RPS modeling efforts and bettartiweig

potential costs and benefits of RPS policies.
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Tablel. State RPS Policiesas M odeled by RPS Cost Studies

Study Overall I ncremental Y ear Additional Notes
RPS Renewables Targetis
Target Needed toMeet | Reached
Target
AZ (PIRG) 20% 20% 2020
AZ (PEG) 1% 1% 2002 Only eligible technology isasol
CA (CRS) 33% 16.7% 2020 Target percentages areureghsiith respect to the
load of investor-owned utilities
CA (UCS) 20% 13.2% 2010
CA (Tellus) 33% 11.2% 2020 Incremental to existigo RPS
CA LADWP (EC) 20% 20% 2017 RPS applies only tolthe Angeles Department of
Water and Power (LADWP)
CO (PPC) 10% 6.5% 2015 Update to earlier studyudes credit multiplier for
in-state resources and 0.4% set-aside for solar
CO (UCS) 10% 6.3% 2015 Includes credit multiplier ih-state resources and
0.4% set-aside for solar
HI (GDS) 9.5% 3.8% 2010 Also models a 10.5% RP§etar
IA (WUC) 10% 8.6% 2015
IN (EEA) 10% 10% 2017
MA (SEA) 7% 7% 2012 2002 Update to original 2008dst
MD (Synapse) 7.5% 7.5% 2013
MI (NextEnergy) 7.0% 4.4% 2016 Also models 15% b2
MN (WUC) 9% 9% 2010
NC (LaCapra) 5% 5% 2017 Also models 10% target
NE (UCS) 10% 10% 2012
NH (UNH) 23.8% 16.3% 2025 Includes solar tier &%.
NJ (Rutgers) 20% 13.5% 2020 Incremental to exishisgo RPS; includes
incremental solar tier of 0.64%.
NY (CCAP) 8% 5.2% 2012
NY (ICF) 25% 8% 2013 Resource tiers: at least Ofdébcells and 0.4% solal
PV
NY (DPS) 25% 7.7% 2013 2004 update to original 28068 2004 studies;
includes 0.15% customer-sited tier
NY (Potomac) 25% 6.9% 2013 Includes 0.15% custasiterresource tier
OR (Tellus) 20% 10.6% 2020
PA (B&V) 10% 7.2% 2020 Update to earlier study; #tiered RPS, but we only
include results from the renewable energy tier
RI (Tellus) 20% 18.4% 2020 Also models 10% and 1&fgets
TX (UCS) 10,000 2.7% 2025 Also models 20% by 2020 target
MW
VA (CEC) 20% 16.9% 2015 Also models 15% target
VT (Synapse) 10% 10% 2015 Also models 5% and 20gets.
WA (Lazarus) 15% 15% 2023 RPS includes efficietyt, 15% target identified
here only reflects renewables
WA (UCS) 15% 11.9% 2020 RPS includes efficiencyt, we only include results
attributable to the renewable additions
WA (Tellus) 20% 16.6% 2020
WI (UCS) 10% 7.2% 2015 2006 update to original 26Q@ly
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Figure5. Projected Electricity Rate | mpacts by RPS Cost Study
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Figure6. Typical Residential Electricity Bill Impacts Projected by RPS Cost Studies
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Figure 7. Senstivity Scenarios M odeled by RPS Cost Studies

Cx N
o & 6\“\\
= & & «© ®
= . QR & N & < & N <
IS <& N & & ® <2 o & §°©
£ N & & < o o & & & I S
a ((oe"? $(\0 </,+® . %@e ‘/\e Q «® Q}Q ‘Oe (b eeé ?}Qo
g O I A G
= $0.25
>
‘a—j T
] , ' o o ® o ® o
2 (30.25)
o ° 0O 4 ® °
g [ ®
& ($0.75) 4 o 0 PS
%
-
£ ($1.25) | .
8 o
g e
= ($1.75) ® o
om
c ¢ o
8 ($2.25)
c
[
L
o

Figure8. Changesto Base-Case Residential Monthly Electricity Bill Impacts by
Individual Driver (Cost Decreasing Scenarios)
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Figure9. Changesto Base-Case Residential Monthly Electricity Bill Impacts by

Individual Driver (Cost Increasing Scenarios)
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Figure 10. Potential Benefits Modeled by RPS Cost Studies
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Figure1l. Projected CO, Abatement Costsin Initial Peak Year of RPS
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